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(54) Display apparatus 

(57) For the purpose of providing a display appara- 
tus capable of improving display quality by expanding 
the light-emission area of pixels by improving the layout 
of pixels and common power-feed lines formed on a 
substrate, pixels (7A, 7B) including a light-emission el- 
ement (40), such as an electroluminescence element or 
an LED element, are arranged on both sides of common 



power-feed lines (com) so that the number of common 
power-feed lines (com) is reduced. Further, the polarity 
of a driving current flowing between the pixels (7A, 7B) 
and the light-emission element (40) is inverted so that 
the amount of current flowing through the common pow- 
er-supply lines "com" is reduced. 
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Description 

Technical Field 

5 [0001] The present invention relates to an active-matrix-type display apparatus which uses light-emission elements, 
such as EL (electroluminescence) elements that emit light when driving current flows through an organic semiconductor 
film or LED (light-emitting diode) elements, and thin-film transistors (hereinafter referred to as "TFTs") that control the 
light-emission operation of this light-emission element. More particularly, the present invention relates to layout opti- 
mization technology for improving the display characteristics thereof. 

w 

Background Art 

[0002] Active-matrix-type display apparatuses which use current-control-type light-emission elements, such as EL 
elements or LED elements, have been proposed. Since any of the light-emission elements used in this type of display 
15 apparatus may emit light by itself, unlike a liquid-crystal display device, a backlight is not required, and there are 
advantages in that viewing angle dependence is small. 

[0003] Fig. 22 shows, as an example of such a display apparatus, a block diagram of an active-matrix-type display 
apparatus which uses charge-injection-type organic thin-film EL elements. In a display apparatus 1A shown in this 
figure, formed on a transparent substrate are a plurality of scanning lines "gate", a plurality of data lines "sig" extending 

20 in a direction intersecting the extension direction of these scanning lines "gate", a plurality of common power-feed lines 
"com" which are parallel to these data lines "sig", and pixels 7 corresponding to the intersections of the data lines "sig" 
and the scanning lines "gate". With respect to the data lines "sig", a data-side driving circuit 3 comprising a shift register, 
a level shifter, video in, and an analog switch is formed. With respect to the scanning lines, a scanning-side driving 
circuit 4 comprising a shift register and a level shifter is formed. Further, each of the pixels 7 is formed with a first TFT 

25 20 in which a scanning signal is supplied to its gate electrode via the scanning lines, a holding capacitor "cap" for 
holding an image signal supplied from the data lines "sig" via this first TFT 20, a second TFT 30 in which an image 
signal held by this holding capacitor "cap" is supplied to its gate electrode, and light-emission elements 40 to which 
driving current flows from the common power-feed lines "com" when these are electrically connected to the common 
power-feed lines "com" via the second TFT 30. 

30 [0004] Specifically, as shown in Figs. 23(A) and 23(B), in all the pixels 7, the first TFT 20 and the second TFT 30 
are formed using two island-shaped semiconductor films, a relay electrode 35 is electrically connected to the source 
and drain regions of the second TFT 30 via a contact hole of a first interlayer insulation film 51 , and a pixel electrode 
41 is electrically connected to the relay electrode 35 via a contact hole of a second interlayer insulation film 52. On the 
side of the upper layers of this pixel electrode 41 , a positive-hole injection layer 42, an organic semiconductor film 43, 

35 and a counter electrode "op" are multilayered. Here, the counter electrode "op" is formed over a plurality of pixels 7 in 
such a manner as to extend across the data lines "sig" and the like. Further, the common power-feed lines "com" are 
electrically connected to the source and drain regions of the second TFT 30 via the contact hole. 
[0005] In contrast, in the first TFT 20, a potential holding electrode "st" which is electrically connected to the source 
and drain regions is electrically connected to an extended portion 31 0 of a gate electrode 31 . On the side of the lower 

40 layers thereof, a semiconductor film 400 opposes this extended portion 310 via a gate insulation film 50, and since 
this semiconductor film 400 is made to conduct by impurities introduced thereinto, this semiconductor film 400, together 
with the extended portion 31 0 and the gate insulation film 50, constitute the holding capacitor "cap". Here, the common 
power-feed line "com" is electrically connected to the semiconductor film 400 via the contact hole of the first interlayer 
insulation film 51 . Therefore, since the holding capacitor "cap" holds an image signal supplied from the data lines "sig" 

45 via the first TFT 20, even if the first TFT 20 is turned off, the gate electrode 31 of the second TFT 30 is held at a potential 
corresponding to the image signal. Therefore, since the driving current continues to flow to the light-emission element 
40 from the common power-feed lines "com", the light-emission element 40 continues to emit light. 
[0006] However, in comparison with the liquid-crystal display apparatus, in the display apparatus 1 A, there is a prob- 
lem in that the display quality cannot be improved because the pixels 7 are narrower by an amount corresponding to 

50 the requirement of the second TFT 30 and the common power-feed lines "com". 

[0007] Accordingly, an object of the present invention is to provide a display apparatus capable of improving display 
quality by expanding the light-emission area of pixels by improving the layout of pixels and common power-feed lines 
formed on a substrate. 

55 Disclosure of Invention 

[0008] In order to solve the above-described problems, the present invention provides a display apparatus comprising 
on a substrate: a plurality of scanning lines; a plurality of data lines extending in a direction intersecting the extension 
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direction of the scanning lines; a plurality of common power-feed lines parallel to the data lines; and pixels formed in 
a matrix by the data lines and the scanning lines, each of the pixels comprising: a first thin-film transistor in which a 
scanning signal is supplied to its first gate electrode via the scanning lines; a holding capacitor for holding an image 
signal supplied from the data lines via the first thin-film transistor; and a second thin-film transistor in which the image 

5 signal held by the holding capacitor is supplied to its second gate electrode; and a light-emission element having an 
organic semiconductor film, which emits light by driving current that flows between a pixel electrode and a counter 
electrode when the pixel electrode is electrically connected to the common power-feed line via the second thin-film 
transistor in a section between the layers of the pixel electrodes formed for each of the pixels and the counter electrodes 
opposing the pixel electrodes, wherein pixels in which the driving current is passed in a section between the pixels 

10 and the common power-feed lines are arranged on both sides of the common power-feed lines, and the data lines 
pass on a side opposite to the common power-feed lines with respect to the pixels. 

[0009] Specifically, in the present invention, since a data line, a group of pixels connected thereto, one common 
power-feed line, a group of pixels connected thereto, and a data line for supplying a pixel signal to the group of pixels 
are assumed to be one unit and this is repeated in the extension direction of scanning lines, pixels for two rows are 
15 driven by one common power-feed line. Therefore, the formation area of common power-feed lines can be made more 
narrow than in a case in which a common power-feed line is formed for each group of pixels for one row, the light- 
emission area of the pixels can be expanded correspondingly. Therefore, it is possible to improve display performance, 
such as luminance, contrast ratio, and so on. 

[0010] When the construction is formed in this manner, it is preferable that, for example, in a section between two 
20 pixels arranged in such a manner as to sandwich the common power-feed line, the first thin-film transistor, the second 
thin-film transistor, and the light-emission elements be disposed in linear symmetry about the common power-feed line. 
[0011] In the present invention, also, it is preferable that the pitch of the centers of the formation areas of the organic 
semiconductor films be equal at every interval between adjacent pixels along the extension direction of the scanning 
lines. When the construction is formed in this manner, it is convenient to cause a material for an organic semiconductor 
25 film to be discharged from an ink-jet head and to form an organic semiconductor film. That is, since the pitch of the 
centers of the formation areas of the organic semiconductor films is equal, the material for an organic semiconductor 
film may be discharged from the ink-jet head at even intervals. This simplifies the movement control mechanism of the 
ink-jet head, and the position accuracy is improved. 

[0012] Further, it is preferable that the formation area of the organic semiconductor film be surrounded by a bank 
30 layer formed from an insulation film thicker than the organic semiconductor film and that the bank layer be formed in 
such a manner as to cover the data lines and the common power-feed line at the same width dimension. When the 
construction is formed in this manner, since the bank layer prevents the extrusion of the organic semiconductor film 
into its periphery when the organic semiconductor film is formed by an ink-jet method, the organic semiconductor film 
can be formed within a predetermined area. Further, since the bank layer covers the data lines and the common power- 
35 feed line at the same width dimension, this is suitable for making the pitch of the centers of the formation areas of the 
organic semiconductor films equal at any interval of the adjacent pixels along the extension direction of the scanning 
lines. Here, the counter electrodes are formed at least on nearly the entire surface on the pixel area or over a wide 
area in a stripe form, and are in a state of opposing the data lines. Therefore, if kept in this state, a large capacitance 
parasitizes the data lines. However, in the present invention, since a bank layer is interposed between the data lines 
40 and the counter electrodes, it is possible to prevent parasitization of the capacitance formed in a section adjoining the 
counter electrodes into the data lines. As a result, since the load in the data-side driving circuit can be reduced, power 
consumption can be reduced or a higher-speed display operation can be achieved. 

[0013] In the present invention, it is preferable that a wiring layer be formed at a position corresponding to a section 
between two data lines passing on a side opposite to the common power-feed line with respect to the pixels. When 
45 two data lines are parallel to each other, there is a risk that crosstalk may occur between these data lines. However, 
in the present invention, since another wiring layer different from those passes between two data lines, the crosstalk 
can be prevented by merely maintaining such a wiring layer at a fixed potential at least within one horizontal scanning 
period of the image. 

[0014] In this case, between two adjacent data lines of the plurality of data lines, it is preferable that sampling of an 
50 image signal be performed at the same timing. When the construction is formed in this manner, since potential variations 
during sampling occur simultaneously in a section between two data lines, it is possible to more reliably prevent an 
occurrence of crosstalk between these data lines. 

[0015] In the present invention, it is preferable that nearly the same number of two types of pixels in which the light- 
emission elements are driven by a driving current whose polarity is inverted be among the plurality of pixels in which 
55 the driving current is passed in a section between the pixels and the common power-feed lines. 

[0016] When the construction is formed in this manner, the driving current which flows from the common power-feed 
line to the pixels cancels the driving current which flows from the pixels to the common power-feed line, thereby a 
smaller amount of driving current which flows through the common power-feed line is required. Therefore, since the 



3 



EP 1 505 650 A2 



common power-feed lines can be made narrow correspondingly, it is possible to expand the display area with respect 
to the panel exterior. It is also possible to eliminate luminance variations which occur due to a difference between 
driving currents. 

[0017] For example, the construction is formed in such a way that the polarity of the driving current in each pixel is 
5 the same in the extension direction of the data lines and that in the extension direction of the scanning lines, the polarity 
of the driving current in each pixel is inverted for each pixel or every two pixels. The construction may also be formed 
in such a way that the polarity of the driving current in each pixel is the same in the extension direction of the scanning 
lines and that in the extension direction of the data lines, the polarity of the driving current in each pixel is inverted for 
each pixel or every two pixels. Of these constructions, in the case of the construction in which the polarity of the driving 
10 current is inverted every two pixels, for the pixels through which driving current of the same polarity flows, a counter 
electrode can be used in common between adjacent pixels, making it possible to reduce the number of slits of the 
counter electrode. That is, polarity inversion can be realized without increasing the resistance value of the counter 
electrodes through which a large current flows. 

[0018] Furthermore, the construction may be formed in such a way that the polarity of the driving current in each 
15 pixel is inverted for each pixel in both the extension direction of the scanning lines and the extension direction of the 
data lines. 

Brief Description of the Drawings 
20 [0019] 

Fig. 1 is an illustration schematically showing a display apparatus of the present invention, and the formation area 
of a bank layer formed therein. 

Fig. 2 is a block diagram showing the basic construction of the display apparatus of the present invention. 
25 Fig. 3 is a plan view in which pixels of the display apparatus according to the first embodiment of the present 

invention are enlarged. 

Fig. 4 is a sectional view taken along the line A-A' of Fig. 3. 
Fig. 5 is a sectional view taken along the line B-B' of Fig. 3. 

Fig. 6(A) is a sectional view along the line C-C of Fig. 3; and Fig. 6(B) is a sectional view of the construction in 
30 which the formation area of a bank layer is not extended until it covers a relay electrode. 

Fig. 7 is a graph showing the l-V characteristics of a light-emission element used in the display apparatus shown 
in Fig. 1 . 

Fig. 8 includes step sectional views showing a method of manufacturing a display apparatus of the present inven- 
tion. 

35 Fig. 9 is a block diagram showing an example of an improvement of the display apparatus shown in Fig. 1 . 

Fig. 1 0(A) is a sectional view showing a dummy wiring layer formed in the display apparatus shown in Fig. 9; and 
Fig. 10(B) is a plan view thereof. 

Fig. 11 is a block diagram showing a modification of the display apparatus shown in Fig. 3. 

Fig. 12(A) is a plan view in which a pixel formed in the display apparatus shown in Fig. 11 is enlarged; Fig. 12(B) 
40 is a sectional view thereof. 

Fig. 13 is an equivalent circuit diagram showing the construction of two pixels in which driving current is inverted, 

which are formed in a display apparatus according to a second embodiment of the present invention. 

Fig. 1 4 is a waveform chart of each signal for driving one of the two pixels shown in Fig. 1 3. 

Fig. 1 5 is a waveform chart of each signal for driving the other of the two pixels shown in Fig. 1 3. 
45 Fig. 1 6 is a sectional view showing the construction of light-emission elements formed in the two pixels shown in 

Fig. 13. 

Fig. 17 includes illustrations showing the arrangement of pixels in the display apparatus shown in Fig. 13. 

Fig. 1 8 is an illustration showing the arrangement of pixels in a display apparatus according to a third embodiment 

of the present invention. 

50 Fig. 1 9 is an illustration showing the arrangement of pixels in a display apparatus according to a fourth embodiment 

of the present invention. 

Fig. 20 is an illustration showing the arrangement of pixels in a display apparatus according to a fifth embodiment 
of the present invention. 

Fig. 21 is an illustration showing the arrangement of pixels in a display apparatus according to a sixth embodiment 
55 of the present invention. 

Fig. 22 is a block diagram of a conventional display apparatus. 

Fig. 23(A) is a plan view in which a pixel formed in the display apparatus shown in Fig. 22 is enlarged; Fig. 23(B) 
is a sectional view thereof. 
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[Reference Numerals] 

[0020] 

5 1 
2 
3 
4 
5 

w 6 

7, 7A, 7B 
10 
20 
21 

^5 30 
31 

40, 40A, 40B 
41 
42 

20 43 
45 
46 
50 
51 

25 52 
DA 
bank 
cap 
cline 
30 com 

gate, gateA, gateB 
op, opA, opB 
sig, sigA, sigB 
st, stA, stB 

35 

Best Mode for Carrying Out the Invention 

[0021] The embodiments of the present invention will be described below with reference to the drawings. 
40 [First Embodiment] 

(Overall construction of active-matrix substrate) 

[0022] Fig. 1 is a block diagram schematically showing the overall layout of a display apparatus. Fig. 2 is an equivalent 

45 circuit diagram of an active matrix formed therein. 

[0023] As shown in this figure, in a display apparatus 1 of this embodiment, the central portion of a transparent 
substrate 1 0, which is a base body thereof, is formed into a display section 2. On both end sides of the data lines "sig" 
of the peripheral portion of the transparent substrate 10, a data-side driving circuit 3 for outputting an image signal, 
and a checking circuit 5 are formed, and on both end sides of the scanning lines "gate", a scanning-side driving circuit 

50 4 for outputting a scanning signal is formed. In these driving circuits 3 and 4, a complementary TFT is formed by an 
n-type TFT and a p-type TFT This complementary TFT forms a shift register, a level shifter, an analog switch, etc. On 
the transparent substrate 10, a mounting pad 6, which is a group of terminals for inputting an image signal, various 
potentials, and a pulse signal, is formed in the peripheral region to the outside from the data-side driving circuit 3. 

55 (Arrangement of common power-feed lines and pixels) 

[0024] In the display apparatus 1 , similarly to an active-matrix substrate of a liquid-crystal display apparatus, on the 
transparent substrate 1 0, a plurality of scanning lines "gate", and a plurality of data lines "sig" which extend in a direction 
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intersecting the extension direction of the scanning lines "gate" are formed. As shown in Fig. 2, these data lines "sig" 
and scanning lines "gate" form the pixels 7 formed in a matrix. 

[0025] Each of these pixels 7 is formed with a first TFT 20 in which a scanning signal is supplied to its gate electrode 
21 (first gate electrode) via the scanning lines "gate". One of the source and drain regions of the second TFT 20 is 
5 electrically connected to the data line "sig", and the other is electrically connected to a potential holding electrode "st". 
With respect to the scanning lines "gate", capacitance lines "cline" are disposed in parallel, with a holding capacitor 
"cap" being formed between the capacitance line "cline" and the potential holding electrode "st". Therefore, when the 
first TFT 20 is selected by the scanning signal and is turned on, the image signal is written from the data line "sig" into 
the holding capacitor "cap" via the first TFT 20. 
w [0026] A gate electrode 31 (second gate electrode) of the second TFT 30 is electrically connected to the potential 
holding electrode "st". One of the source and drain regions of the second TFT 30 is electrically connected to the common 
power-supply lines "com", and the other is electrically connected to one of the electrodes (pixel electrode to be described 
later) of a light-emission element 40. The common power-supply lines "com" are maintained at a fixed potential. There- 
fore, when the second TFT 30 is turned on, the current in the common power-supply line "com" flows to the light- 
's emission element 40 via this TFT, causing the light-emission element 40 to emit light. 

[0027] In this embodiment, on both sides of the common power-feed lines "com", a plurality of pixels 7 to which 
driving current is supplied by the common power-feed lines "com" are arranged, and two data lines "sig" pass on a 
side opposite to the common power-feed lines "com" with respect to these pixels 7. That is, a data line "sig", a group 
of pixels connected thereto, one common power-feed line "com", a group of pixels connected thereto, and a data line 
20 "sig" for supplying a pixel signal to the group of pixels are assumed to be one unit and this is repeated in the extension 
direction of scanning lines "gate", and one common power-feed line "com" is used to supply driving current to the pixels 
7 for two rows. Therefore, in this embodiment, in a section between two pixels 7 disposed in such a manner as to 
sandwich the common power-feed lines "com", the first TFT 20, the second TFT 30, and the light-emission elements 
40 are disposed in linear symmetry about the common power-feed line "com", simplifying the electrical connection 
25 between these elements and each wiring layer. 

[0028] As described above, in this embodiment, since pixels for two rows are driven by one common power-feed 
line "com", in comparison with a case in which the common power-feed lines "com" are formed for each group of pixels 
for one row, one-half of the number of common power-feed lines "com" is required, and the gap secured between the 
common power-feed lines "com" and the data lines "sig", which is formed in the same section between the layers is 
30 not required. Therefore, since an area for a wiring on the transparent substrate 1 0 can be made more narrow, the ratio 
of the light-emission area in each pixel area can be increased correspondingly, making it possible to improve display 
performance, such as luminance, contrast ratio, and so on. 

[0029] Since the construction is formed in such a way that the pixels for two rows are connected to one common 
power-feed line "com" in this manner, the data lines "sig", which are in a state of being parallel in groups of two, supply 
35 an image signal to the group of pixels for each row. 

(Structure of pixels) 

[0030] The structure of each pixel 7 of the display apparatus 1 constructed as described above will be described in 
40 detail with reference to Figs. 3 to 6(A). 

[0031] Fig. 3 is a plan view in which three pixels 7 of the plurality of pixels 7 formed in the display apparatus 1 of this 
embodiment are enlarged. Figs. 4, 5, and 6(A) are respectively a sectional view along the line A-A' of Fig. 3, a sectional 
view along the line B-B' of Fig. 3, and a sectional view along the line C-C of Fig. 3. 

[0032] First, at a position corresponding to the line A-A' of Fig. 3, as shown in Fig. 4, in each of the pixels 7 on the 
45 transparent substrate 1 0, an island-shaped silicon film 200 for forming the first TFT 20 is formed, with a gate insulation 
film 50 being formed on the surface thereof. Further, a gate electrode 21 (a part of scanning lines "gate") is formed on 
the surface of the gate insulation film 50, and source and drain regions 22 and 23 are formed so as to be self-aligned 
with respect to the gate electrode 21 . A first interlayer insulation film 51 is formed on the surface of the gate insulation 
film 50, and the data lines "sig" and the potential holding electrodes "st" are electrically connected to the source and 
50 drain regions 22 and 23 via contact holes 61 and 62 formed on this interlayer insulation film, respectively. 

[0033] In each pixel 7, capacitance lines "cline" are formed in the same section between the layers of the scanning 
lines "gate" and the gate electrodes 21 (between the gate insulation film 50 and the first interlayer insulation film 51) 
in such a manner as to be parallel to the scanning lines "gate", and an extended portion "st1" of the potential holding 
electrode "st" overlaps this capacitance line "cline" via the first interlayer insulation film 51 . For this reason, the capac- 
55 itance line "cline" and the extended portion "st1" of the potential holding electrode "st" form a holding capacitor "cap" 
in which the first interlayer insulation film 51 is a dielectric film. A second interlayer insulation film 52 is formed on the 
surface of the potential holding electrodes "st" and the data lines "sig". 

[0034] At a position corresponding to the line B-B' in Fig. 3, as shown in Fig. 5, two data lines "sig" corresponding 
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to each pixel 7 are parallel on the surface of the first interlayer insulation film 51 and the second interlayer insulation 
film 52 formed on the transparent substrate 10. 

[0035] At a position corresponding to the line C-C in Fig. 3, as shown in Fig. 6(A), an island-shaped silicon film 300 
for forming the second TFT 30 is formed on the transparent substrate 10 in such a manner as to extend across two 

5 pixels 7 which sandwich the common power-feed line "com", with the gate insulation film 50 being formed on the surface 
thereof. On the surface of the gate insulation film 50, the gate electrode 31 is respectively formed in each of the pixels 
7 in such a manner as to sandwich the common power-feed lines "com", with source and drain regions 32 and 33 being 
formed so as to be self-aligned in this gate electrode 31 . The first interlayer insulation film 51 is formed on the surface 
of the gate insulation film 50, and the relay electrode 35 is electrically connected to a source and drain region 62 via 

10 a contact hole 63 formed in this interlayer insulation film. In contrast, the common power-feed lines "com" are electrically 
connected to a portion, which is a common source and drain area 33 in two pixels 7 in the central portion of the silicon 
film 300, via a contact hole 64 of the first interlayer insulation film 51 . A second interlayer insulation film 52 is formed 
on the surface of the common power-feed lines "com" and the relay electrode 35. A pixel electrode 41 formed from an 
ITO film is formed on the surface of the second interlayer insulation film 52. This pixel electrode 41 is electrically 

15 connected to the relay electrode 35 via a contact hole 65 formed in the second interlayer insulation film 52, and is 
electrically connected to the source and drain regions 32 of the second TFT 30 via this relay electrode 35. 
[0036] Here, the pixel electrode 41 forms one of the electrodes of the light-emission element 40. That is, a positive- 
hole injection layer 42 and an organic semiconductor film 43 are multilayered on the surface of the pixel electrode 41 , 
and a counter electrode "op" formed from a lithium-containing metal film, such as aluminum or calcium, is formed on 

20 the surface of the organic semiconductor film 43. This counter electrode "op" is a common electrode formed at least 
on a pixel area or in a stripe form, and is maintained at a fixed potential. 

[0037] In the light-emission element 40 constructed as described above, a voltage is applied by assigning the counter 
electrode "op" and the pixel electrode 41 as a positive pole and a negative pole, respectively. As shown in Fig. 7, the 
current (driving current) which flows through the organic semiconductor film 43 increases sharply in an area where the 

25 applied voltage exceeds a threshold voltage. As a result, the light-emission element 40 emits light as an electrolumi- 
nescence element or an LED element. The light from the light-emission element 40 is reflected by the counter electrode 
"op", is passed through the transparent pixel electrode 41 and the transparent substrate 10, and is output. 
[0038] Such driving current used for light emission flows through a current path formed of the counter electrode "op", 
the organic semiconductor film 43, the positive-hole injection layer 42, the pixel electrode 41 , the second TFT 30, and 

30 the common power-feed lines "com". Therefore, when the second TFT 30 is turned off, the driving current does not 
flow. In the display apparatus 1 of this embodiment, when the first TFT 20 is turned on as a result of being selected by 
a scanning signal, the image signal is written from the data lines "sig" into the holding capacitors "cap" via the first TFT 
20. Therefore, even if the first TFT 20 is turned off, the gate electrode of the second TFT 30 is maintained at a potential 
corresponding to the image signal by the holding capacitor "cap", and therefore, the second TFT 30 remains in an on 

35 state. Therefore, the driving current continues to flow through the light-emission element 40, and this pixel is maintained 
in a switched-on state. This state is maintained until new image data is written into the holding capacitor "cap" and the 
second TFT 30 is turned off. 

(Method of manufacturing display apparatus) 

40 

[0039] In a method of manufacturing the display apparatus 1 constructed as described above, the steps up to man- 
ufacturing the first TFT 20 and the second TFT 30 on the transparent substrate 10 are nearly the same as the steps 
for manufacturing an active-matrix substrate of the display apparatus 1 , and accordingly, are described in general 
outline with reference to Fig. 8. 
45 [0040] Fig. 8 includes step sectional views schematically showing the process of forming each component of the 
display apparatus 1 . 

[0041] More specifically, as shown in Fig. 8(A), using a TEOS (tetraethoxysilane), oxygen gas, and the like as a 
starting-material gas as required, a base protective film (not shown) formed from a silicon oxide film having a thickness 
of approximately 2000 to 5000 angstroms is formed on the transparent substrate 10 by a plasma CVD method. Next, 

50 the temperature of the substrate is set to approximately 350°C, and a semiconductor film 1 00 formed from an amor- 
phous silicon film having a thickness of approximately 300 to 700 angstroms is formed on the surface of the base 
protective film by a plasma CVD method. Next, a crystallization step, such as laser annealing or a solid-phase growth 
method, is performed on the semiconductor film 1 00 formed from an amorphous silicon film so that the semiconductor 
film 100 is crystallized into a polysilicon film. In the laser annealing method, for example, a line beam forming a spot 

55 having a major axis of 400 mm is used in the excimer laser, and its output intensity is, for example, 200 mJ/cm 2 . The 
line beam is scanned in such a way that, for the line beam, a portion corresponding to 90% of the peak value of the 
laser intensity in the minor axis thereof overlaps in each area. 

[0042] Next, as shown in Fig. 8(B), the semiconductor film 1 00 is patterned into island-shaped silicon films 200 and 
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300, and a gate insulation film 50 formed from a silicon oxide film or a nitride film having a thickness of approximately 
600 to 1500 angstroms is formed on the surface of the silicon films 200 and 300 by a plasma CVD method by using 
TEOS (tetraethoxysilane) or oxygen gas as a starting-material gas. 

[0043] Next, as shown in Fig. 8(C), a conductive film formed from a metal film, such as aluminum, tantalum, molyb- 
5 denum, titanium, or tungsten, is formed by a sputtering method, after which it is patterned in order to form gate elec- 
trodes 21 and 31 as a part of the scanning lines "gate". In this step, the capacitance lines "dine" are also formed. In 
the figure, reference numeral 310 denotes an extended portion of the gate electrode 31. 

[0044] In this state, high-concentration phosphor ions or boron ions are implanted to form source and drain regions 
22, 23, 32, and 33 in a self-aligned manner with respect to the gate electrodes 21 and 31 in the silicon thin-films 200 

10 and 300. The portions where impurities are not introduced become channel areas 27 and 37. 

[0045] Next, as shown in Fig. 8(D), after the first interlayer insulation film 51 is formed, contact holes 61 , 62, 63, 64, 
and 69 are formed, and a potential holding electrode "st" comprising an extended portion "st1" overlapping the data 
lines "sig", the capacitance lines "cline", and the extended portion 31 0 of the gate electrode 31 , a common power-feed 
line "com", and the relay electrode 35 are formed. As a result, the potential holding electrode "st" is electrically connected 

15 to the gate electrode 31 via a contact hole 69 and the extended portion 31 0. In this way, the first TFT 20 and the second 
TFT 30 are formed. Further, the holding capacitor "cap" is formed by the capacitance line "cline" and the extended 
portion "st1" of the potential holding electrode "st". 

[0046] Next, as shown in Fig. 8(E), the second interlayer insulation film 52 is formed, and in this interlayer insulation 
film, a contact hole 65 is formed in a portion corresponding to the relay electrode 35. Next, after the ITO film is formed 

20 over the entire surface of the second interlayer insulation film 52, the film is patterned, forming a pixel electrode 41 
which is electrically connected to the source and drain regions 32 of the second TFT 30 via the contact hole 65. 
[0047] Next, as shown in Fig. 8(F), after a black resist layer is formed on the surface of the second interlayer insulation 
film 52, this resist is left in such a manner as to surround an area where the positive-hole injection layer 42 and the 
organic semiconductor film 43 of the light-emission element 40 should be formed, forming a bank layer "bank". Here, 

25 for the organic semiconductor film 43, in any shape in a case in which the film is formed independently for each pixel, 
or in a case in which the film is formed in a stripe form along the data lines "sig", a manufacturing method according 
to this embodiment can be applied by merely forming the bank layer "bank" in a shape corresponding thereto. 
[0048] Next, a liquid material (precursor) for forming the positive-hole injection layer 42 is discharged from an ink- 
jet head IJ with respect to the inside area of the bank layer "bank", and the positive-hole injection layer 42 is formed 

30 in the inside area of the bank layer "bank". In a similar manner, a liquid material (precursor) for forming the organic 
semiconductor film 43 is discharged from the ink-jet head IJ with respect to the inside area of the bank layer "bank", 
and the organic semiconductor film 43 is formed in the inside area of the bank layer "bank". Here, since the bank layer 
"bank" is formed from a resist, it is water repellent. In contrast, since the precursor of the organic semiconductor film 
43 mainly uses a hydrophilic solvent, the coating area of the organic semiconductor film 43 is reliably defined by the 

35 bank layer "bank", and extrusion into adjacent pixels does not occur. 

[0049] When forming the organic semiconductor film 43 and the positive-hole injection layer 42 by an ink-jet method 
in this manner, in this embodiment, in order to improve the operation efficiency and the injection position accuracy, as 
shown in Fig. 3, the pitch P of the centers of the formation areas of the organic semiconductor films 43 is made equal 
at every interval of the adjacent pixels 7 along the extension direction of the scanning lines "gate". Therefore, as 

40 indicated by the arrow Q, since a material for the organic semiconductor film 43 may be discharged from the ink-jet 
head IJ at positions at even intervals along the extension direction of the scanning lines "gate", there is the advantage 
in that the operation efficiency is superior. Further, the movement control mechanism of the ink-jet head I J is simplified, 
and the implantation position accuracy is improved. 

[0050] Subsequently, as shown in Fig. 8(G), the counter electrode "op" is formed on the surface of the transparent 
45 substrate 10. Here, the counter electrodes "op" are formed at least over the entire surface of the pixel area or in a 
stripe form. When the counter electrodes "op" are formed in a stripe form, after a metal film is formed over the entire 
surface of the transparent substrate 10, the metal film is patterned in a stripe form. 

[0051] Since the bank layer "bank" is formed from a resist, it is left intact, and as will be described below, the layer 
is used as a black matrix BM and an insulation layer for reducing parasitic capacitance. 
50 [0052] TFTs are formed also in the data-side driving circuit 3 and the scanning-side driving circuit 4 shown in Fig. 1 . 
These TFTs are formed by borrowing the entirety or a part of the steps for forming the TFT in the pixels 7. Therefore, 
the TFT which forms a driving circuit is also formed in the same section between the layers as those of the TFTs of 
the pixels 7. 

[0053] Further, both the first TFT 20 and the second TFT 30 may be of n-type, or p-type, or one of them may be of 
55 n-type and the other of p-type. In any combination of these cases, TFTs can be formed by a well known method, and 
accordingly, description thereof has been omitted. 
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(Formation area of bank layer) 

[0054] In this embodiment, with respect to the entirety of the peripheral area of the transparent substrate 1 0 shown 
in Fig. 1, the bank layer "bank" (the formation area is shaded) is formed. Therefore, both the data-side driving circuit 

5 3 and the scanning-side driving circuit 4 are covered with the bank layer "bank". For this reason, even if the counter 
electrodes "op" are in an overlapping state with respect to the formation area of these driving circuits, the bank layer 
"bank" is interposed between the wiring layers and the counter electrodes "op" of the driving circuits. Therefore, since 
parasitization of a capacitance into the driving circuits 2 and 3 can be prevented, the load of the driving circuits 2 and 
3 can be reduced, thereby making it possible to reduce power consumption or to achieve a higher speed of the display 

10 operation. 

[0055] Further, in this embodiment, as shown in Figs. 3 to 5, the bank layer "bank" is formed so as to overlap the 
data lines "sig". Therefore, since the bank layer "bank" is interposed between the data lines "sig" and the counter 
electrodes "op", it is possible to prevent capacitance from parasitizing in the data lines "sig". As a result, since the load 
of the data-side driving circuit 3 can be reduced, power consumption can be reduced or a higher speed of the display 

15 operation can be achieved. 

[0056] Here, unlike the data lines "sig", a large current for driving the light-emission elements 40 flows through the 
common power-feed lines "com", and the driving current is supplied to the pixels for two rows. For this reason, for the 
common power-feed lines "com", their line width is set to be wider than the line width of the data lines "sig", and the 
resistance value per unit length of the common power-feed lines "com" is set to be smaller than the resistance value 

20 per unit length of the data lines "sig". Even under such design conditions, in this embodiment, when the bank layer 
"bank" is formed so as to overlap the common power-feed lines "com" and the formation area of the organic semicon- 
ductor film 43 is defined, the width of the bank layer "bank" to be formed here is made at the same width dimension 
as that of the bank layer "bank" overlapping two data lines "sig", forming a construction suitable for making the pitch 
P of the centers of the formation areas of the organic semiconductor films 43 equal at any interval between the adjacent 

25 pixels 7 along the extension direction of the scanning lines "gate". 

[0057] Furthermore, in this embodiment, as shown in Figs. 3, 4, and 6(A), the bank layer "bank" is also formed in an 
area overlapping the formation area of the first TFT 20 and the formation area of the second TFT 30 from among the 
formation area of the pixel electrode 41 . That is, as shown in Fig. 6(B), unless the bank layer "bank" is formed in an 
area overlapping the relay electrode 35, even if driving current flows to a section adjoining the counter electrode "op" 

30 and the organic semiconductor film 43 emits light, this light is not output because it is sandwiched between the relay 
electrode 35 and the counter electrode "op", and does not contribute to display. Such driving current flowing in a portion 
which does not contribute to display may be said to be a reactive current from the point of view of display. However, 
in this embodiment, the bank layer "bank" is formed in a portion where such reactive current should flow so that the 
flowing of the driving current thereinto is prevented, making it possible to prevent wasteful current from flowing into the 

35 common power-feed lines "com". Therefore, the width of the common power-feed lines "com" may be narrower corre- 
spondingly. 

[0058] Also, if the bank layer "bank" which is formed by a black resist as described above remains, the bank layer 
"bank" functions as a black matrix, improving display quality, such as luminance, contrast ratio, etc. That is, in the 
display apparatus 1 according to this embodiment, since the counter electrodes "op" are formed on the entire surface 

40 of the transparent substrate 10 or in a stripe form over a wide area thereof, light reflected by the counter electrodes 
"op" causes the contrast ratio to decrease. However, in this embodiment, since the bank layer "bank" having the function 
of inhibiting the parasitic capacitance is formed by a black resist while defining the formation area of the organic sem- 
iconductor film 43, the bank layer "bank" functions also as a black matrix, and shuts off reflected light from the counter 
electrodes "op", yielding an advantage in that the contrast ratio is high. Further, since the light-emission area can be 

45 defined in a self-aligned manner by using the bank layer "bank", alignment allowance with the light-emission area, 
which is a problem when the bank layer "bank" is not used as a black matrix and another metal layer is used as a black 
matrix, is not required. 

[Example of an improvement of the above-described embodiment] 

50 

[0059] In the above-described embodiment, pixels 7 to which driving current flows in a section between the pixels 
and the common power-feed lines "com" are arranged on each of both sides of the common power-feed lines "com", 
and two data lines "sig" pass in parallel on a side opposite to the common power-feed lines "com" with respect to the 
pixels 7. Therefore, there is a risk that crosstalk might occur between the two data lines "sig". Accordingly, in this 
55 embodiment, as shown in Figs. 9, 10(A), and 10(B), a dummy wiring layer DA is formed at a position corresponding 
to a section between the two data lines "sig". As this dummy wiring layer DA, for example, an ITO film DA1 which is 
formed at the same time as the pixel electrode 41 can be used. Further, as the dummy wiring layer DA, an extended 
portion DA2 from the capacitance lines "cline" may be formed between two data lines "sig". Both of them may be used 



9 



EP 1 505 650 A2 



as dummy wiring layer DA. 

[0060] When the construction is formed in this manner, since a wiring layer DA different from the above passes 
between two parallel data lines "sig", the above-mentioned crosstalk can be prevented by merely maintaining such 
wiring layer DA (DA1, DA2) at a fixed potential within at least one horizontal scanning period of the image. That is, 

5 whereas the film thickness of the first interlayer insulation film 51 and the second interlayer insulation film 52 is ap- 
proximately 1 jwn, the interval between two data lines "sig" is approximately 2 jum or more. Therefore, in comparison 
with capacitance formed between each data line "sig" and the dummy wiring layer DA (DA1, DA2), the capacitance 
formed between the two data lines "sig" is small enough that it can be effectively ignored. Therefore, since a signal of 
a high frequency which leaks from the data lines "sig" is absorbed in the dummy wiring layers DA and DA2, crosstalk 

10 between the two data lines "sig" can be prevented. 

[0061 ] Furthermore, between two adjacent data lines "sig" of a plurality of data lines "sig", it is preferable that sampling 
of an image signal be performed at the same timing. When the construction is formed in this manner, since potential 
variations during sampling occur simultaneously between two data lines "sig", it is possible to more reliably prevent 
crosstalk between these two data lines "sig". 

15 

[Another example of construction of holding capacitor] 

[0062] Although in the above-described embodiment, capacitance lines "dine" are formed to form a holding capacitor 
"cap", as described in the description of the related art, the holding capacitor "cap" may be formed by using a polysilicon 
20 film for forming a TFT. 

[0063] Also, as shown in Fig. 11 , the holding capacitor "cap" may be formed between the common power-feed line 
"com" and the potential holding electrode "st". In this case, as shown in Figs. 12(A) and 12(B), the extended portion 
31 0 of the gate electrode 31 for electrically connecting the potential holding electrode "st" to the gate electrode 31 may 
be extended to the side of the lower layers of the common power-feed lines "com", and the holding capacitor "cap" 
25 may be formed by using the first interlayer insulation film 51 positioned between this extended portion 310 and the 
common power-feed line "com" as a dielectric film. 

[Second Embodiment] 

30 [0064] Although in the above-described first embodiment, the construction is formed in such a way that the light- 
emission elements 40 are driven by driving current of the same polarity in any pixel 7, as will be described below, the 
construction may be formed in such a way that the same number of two types of pixels 7, in which the light-emission 
elements 40 are driven by a driving current whose polarity is inverted, are among a plurality of pixels 7 to which driving 
current is passed in a section between the pixels and the same common power-feed line "com". 

35 [0065] Examples of such constructions are described with reference to Figs. 13 to 17. Fig. 13 is a block diagram of 
an embodiment in which two types of pixels in which the light-emission elements 40 are driven by a driving current 
whose polarity is inverted. Figs. 14 and 15 are each an illustration of a scanning signal, an image signal, the potential 
of common power-feed lines, and a potential of a potential holding electrode when the light-emission element 40 is 
driven by a driving current whose polarity is inverted. 

40 [0066] In this embodiment and the embodiments to be described later, as shown in Fig. 13, when driving the light- 
emission element 40 by driving current i whose polarity is inverted, in a pixel 7A to which driving current flows from the 
common power-feed lines "com" as indicated by an arrow E, the first TFT 20 is formed of an n-channel type, and in a 
pixel 7B from which driving current flows to the common power-feed lines "com" as indicated by an arrow F, the first 
TFT 20 is formed of a p-channel type. For this reason, a scanning line "gateA" and a scanning line "gateB" are formed 

45 in these two types of pixels 7A and 7B, respectively. Also, in this embodiment, whereas the second TFT 30 of the pixel 
7A is formed of a p-channel type, the second TFT 30 of the pixel 7B is formed of an n-channel type, the first TFT 20 
and the second TFT 30 being formed to be a reverse-conduction type in each of the pixels 7A and 7B. Therefore, for 
the image signals supplied respectively via a data line "sigA" corresponding to the pixel 7A and a data line "sigB" 
corresponding to the pixel 7B, their polarities are inverted, as will be described later. 

so [0067] Furthermore, in each of the pixels 7A and 7B, since the light-emission element 40 is driven by the driving 
current i whose polarity is inverted, as described later, the construction must be formed in such a way that the potential 
of the counter electrode "op" also has an opposite polarity when the potential of the common power-feed line "com" is 
used as a reference. Therefore, the counter electrode "op" is formed in such a way that the pixels 7A and 7B to which 
the driving current i having the same polarity flows are connected together and a predetermined potential is applied to 

55 each of them. 

[0068] Therefore, as shown in Figs. 14 and 15, for the pixels 7A and 7B, waveforms of scanning signals supplied 
via the scanning lines "gateA" and "gateB", waveforms of image signals supplied via the data lines "sigA" and "sigB", 
the potential of the counter electrode "op", the potentials of potential holding electrodes "stA" and "stB" are shown by 
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using the potential of the common power-feed lines "com" as a reference, respectively. Between the pixels 7 A and 7B, 
each signal is set to have an opposite polarity in both the switched-on period and the switched-off period. 
[0069] Also, as shown in Figs. 1 6(A) and 1 6(B), light-emission elements 40A and 40B of different constructions are 
formed in the pixels 7A and 7B, respectively. That is, in the light-emission element 40A formed in the pixel 7A, from 

5 the side of the lower layers toward the side of the upper layers, the pixel electrode 41 formed from an ITO film, the 
positive-hole injection layer 42, the organic semiconductor film 43, and the counter electrode "opA" are multilayered 
in this sequence. In contrast, in the light-emission element 40B formed in the pixel 7B, from the side of the lower layers 
toward the side of the upper layers, the pixel electrode 41 formed from an ITO film, a lithium-containing aluminum 
electrode 45 which is so thin as to have a light transmission property, the organic semiconductor film 43, the positive- 

10 hole injection layer 42, an ITO film layer 46, and a counter electrode "opB" are multilayered in this sequence. Therefore, 
even though driving current of an opposite polarity flows through the light-emission elements 40A and 40B, respectively, 
since the structures of the electrode layers with which the positive-hole injection layer 42 and the organic semiconductor 
film 43 are in direct contact are the same, the light-emission characteristics of the light-emission elements 40A and 
40B are identical. 

15 [0070] When forming such two types of light-emission elements 40A and 40B, since each of both the organic sem- 
iconductor film 43 and the positive-hole injection layer 42 is formed in the inside of the bank layer "bank" by an ink-jet 
method, even if the top and bottom positions are reversed, the manufacturing steps are not complex. Further, in the 
light-emission element 40B, in comparison with the light-emission element 40A, the lithium-containing aluminum elec- 
trode 45 which is so thin as to have a light transmission property, and the ITO film layer 46 are added. Nevertheless, 

20 even if the lithium-containing aluminum electrode 45 is structured so as to be multilayered in the same area as that of 
the pixel electrode 41 , no problem is posed for the display, and even if the ITO film layer 46 is also structured so as to 
be multilayered in the same area as that of the counter electrode "opB", no problem is posed for the display. Therefore, 
the lithium-containing aluminum electrode 45 and the pixel electrode 41 may be patterned independently of each other, 
but may be patterned collectively by the same resist mask. In a similar manner, the ITO film layer 46 and the counter 

25 electrode "opB" may be patterned independently of each other, but may be patterned collectively by the same resist 
mask. It is a matter of course that the lithium-containing aluminum electrode 45 and the ITO film layer 46 may be formed 
only within the inside area of the bank layer "bank". 

[0071] After the light-emission elements 40A and 40B are made to be capable of being driven by a driving current 
whose polarity is inverted in each of the pixels 7A and 7B in this manner, the two types of pixels 7A and 7B are arranged 
30 as shown in Fig. 17. In this figure, the pixel given the sign (-) corresponds to the pixel 7A described with reference to 
Figs. 13, 14, and 1 6, and the pixel given the sign (+) corresponds to the pixel 7B described with reference to Figs. 1 3, 
15, and 16. In Fig. 17, the illustration of the scanning lines "gateA" and "gate", and the data lines "sigA" and "sigB" is 
omitted. 

[0072] As shown in Fig. 1 7, in this embodiment, the polarity of the driving current in each pixel is the same along the 
35 extension direction of the data lines "sigA" and "sigB", and along the extension direction of the scanning lines "gateA" 
and "gateB", the polarity of the driving current in each pixel is inverted for each pixel. As the formation areas of the 
counter electrodes "opA" and "opB" corresponding to each pixel are indicated by a dotted-chain line, respectively, each 
of the counter electrodes "opA" and "opB" is constructed so as to connect together the pixels 7A and 7B to which 
driving current having the same polarity flows. That is, the counter electrodes "opA" and "opB" are formed in a stripe 
40 form independently of each other along the extension direction of the data lines "sigA" and "sigB", and a negative 
potential and a positive potential when the potential of the common power-feed line "com" is used as a reference are 
applied to the counter electrodes "opA" and "opB", respectively. 

[0073] Therefore, between each of the pixels 7A and 7B and the common power-feed line "com", driving currents i 
in a direction indicated by arrows E and F in Fig. 13 flow, respectively. For this reason, since the current which flows 
45 substantially through the common power-feed line "com" is cancelled by the driving current i of a different polarity, a 
smaller amount of the driving current flowing through the common power-feed lines "com" is required. Therefore, since 
the common power-feed lines "com" can be made correspondingly narrower, it is possible to increase the ratio of the 
light-emission area of the pixel area in the pixels 7A and 7B and to improve display performance, such as luminance, 
contrast ratio, and so on. 

50 

[Third Embodiment] 

[0074] From the viewpoint of the fact that pixels are arranged in such a way that driving current flows at an opposite 
polarity in a section between the pixels and the same common power-feed line "com", each pixel may be arranged as 
55 shown in Fig. 18. In this embodiment, since the construction of each of the pixels 7A and 7B is similar to that of the 
second embodiment, description thereof has been omitted, and in Fig. 18, and Figs. 19 to 21 for describing each 
embodiment to be described below, a pixel corresponding to the pixel 7A described with reference to Figs. 13, 14, and 
16 is shown by the sign (-), and a pixel corresponding to the pixel 7B described with reference to Figs. 13, 15, and 16 
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is shown by the sign (+). 

[0075] As shown in Fig. 18, in this embodiment, the construction is formed in such a way that the polarity of the 
driving current in each of the pixels 7 A and 7B is the same along the extension direction of the data lines "sigA" and 
"sigB" and that along the extension direction of the scanning lines "gateA" and "gateB", the polarity of the driving current 

5 in each of the pixels 7A and 7B is inverted every two pixels. 

[0076] Also when the construction is formed in this manner, driving current i in a direction indicated by arrows E and 
in Fig. 13 flows between each of the pixels 7A and 7B and the common power-feed line "com", respectively. For this 
reason, since the current which flows through the common power-feed line "com" is cancelled by the driving current i 
of a different polarity, a smaller amount of the driving current flowing through the common power-feed lines "com" is 

10 required. Therefore, since the common power-feed lines "com" can be made correspondingly narrower, it is possible 
to increase the ratio of the light-emission area of the pixel area in the pixels 7A and 7B of the pixel area and to improve 
display performance, such as luminance, contrast ratio, and so on. In addition, in this embodiment, since the polarity 
of the driving current is inverted every two pixels along the extension direction of the scanning lines "gateA" and "gateB", 
for the pixels which are driven by driving current having the same polarity, the counter electrodes "opA" and "opB" 

15 which are common to the adjacent pixels for two rows may be formed in a stripe form. Therefore, the number of stripes 
of the counter electrodes "opA" and "opB" can be reduced by half. Further, since the resistance of the counter electrodes 
"opA" and "opB" can be decreased in comparison with the stripe for each pixel, an influence of a voltage drop of the 
counter electrodes "opA" and "opB" can be reduced. 

20 [Fourth Embodiment] 

[0077] Furthermore, from the viewpoint of the fact that pixels are arranged in such a way that driving current flows 
at an opposite polarity in a section between the pixels and the same common power-feed line "com", each pixel may 
be arranged as shown in Fig. 19. 
25 [0078] As shown in Fig. 19, in this embodiment, the construction is formed in such a way that the polarity of the 
driving current in each of the pixels 7A and 7B is the same along the extension direction of the scanning lines "gateA" 
and "gateB" and that along the extension direction of the data lines "sigA" and "sigB", the polarity of the driving current 
in each of the pixels 7A and 7B is inverted for each pixel. 

[0079] Also in the case where the construction is formed in this manner, similarly to the second embodiment or the 
30 third embodiment, since the current flowing through the common power-feed lines "com" is cancelled by the driving 
current having a different polarity, a smaller amount of the driving current flowing through the common power-feed lines 
"com" is required. Therefore, since the common power-feed lines "com" can be made correspondingly narrower, it is 
possible to increase the ratio of the light-emission area of the pixel area in the pixels 7A and 7B and to improve display 
performance, such as luminance, contrast ratio, and so on. 

35 

[Fifth Embodiment] 

[0080] Furthermore, from the viewpoint of the fact that pixels are arranged in such a way that driving current flows 
at an opposite polarity in a section between the pixels and the same common power-feed line "com", each pixel may 

40 be arranged as shown in Fig. 20. 

[0081] As shown in Fig. 20, in this embodiment, the construction is formed in such a way that the polarity of the 
driving current in each of the pixels 7A and 7B is the same along the extension direction of the scanning lines "gateA" 
and "gateB" and that along the extension direction of the data lines "sigA" and "sigB", the polarity of the driving current 
in each of the pixels 7A and 7B is inverted every two pixels. 

45 [0082] When the construction is formed in this manner, similarly to the third embodiment, since the current which 
flows through the common power-feed line "com" is cancelled by the driving current of a different polarity, a smaller 
amount of the driving current flowing through the common power-feed lines "com" is required. Therefore, since the 
common power-feed lines "com" can be made correspondingly narrower, it is possible to increase the ratio of the light- 
emission area of the pixel area in the pixels 7A and 7B and to improve display performance, such as luminance, contrast 

50 ratio, and so on. In addition, in this embodiment, since the polarity of the driving current is inverted every two pixels 
along the extension direction of the data lines "sigA" and "sigB", for the pixels which are driven by the driving current 
having the same polarity, the counter electrodes "opA" and "opB" which are common to the adjacent pixels for two 
rows may be formed in a stripe form. Therefore, the number of stripes of the counter electrodes "opA" and "opB" can 
be reduced by half. Further, since the resistance of the counter electrodes "opA" and "opB" can be decreased in 

55 comparison with the stripe for each pixel, an influence of a voltage drop of the counter electrodes "opA" and "opB" can 
be reduced. 
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[Sixth Embodiment] 

[0083] Furthermore, from the viewpoint of the fact that pixels are arranged in such a way that driving current flows 
at an opposite polarity in a section between the pixels and the same common power-feed line "com", each pixel may 

5 be arranged as shown in Fig. 21 . 

[0084] As shown in Fig. 21, in this embodiment, the construction is formed in such a way that the polarity of the 
driving current in each of the pixels 7 A and 7B is inverted for each pixel along both the extension direction of the 
scanning lines "gateA" and "gateB" and the extension direction of the data lines "sigA" and "sigB". 
[0085] Also in the case where the construction is formed in this manner, similarly to the second to fourth embodiments, 

10 since the current flowing through the common power-feed lines "com" is cancelled by the driving current having a 
different polarity, a smaller amount of the driving current flowing through the common power-feed lines "com" is required. 
Therefore, since the common power-feed lines "com" can be made correspondingly narrower, it is possible to increase 
the ratio of the light-emission area in the pixels 7A and 7B and to improve display performance, such as luminance, 
contrast ratio, and so on. 

15 [0086] When the pixels 7A and 7B are arranged in this manner, the counter electrodes "opA" and "opB" in a stripe 
form cannot cope. Nevertheless, the construction may be formed in such a way that the counter electrodes "opA" and 
"opB" are formed for each of the pixels 7A and 7B, respectively, and that the counter electrodes "opA" and "opB" are 
connected by a wiring layer. 

20 Industrial Applicability 

[0087] As has been described up to this point, in the display apparatus according to the present invention, since 
pixels to which driving current is passed in a section between the pixels and the common power-feed line are arranged 
on both sides of the common power-feed line, only one common power-feed line is required for pixels for two rows. 
25 Therefore, since the formation area of the common power-feed lines "com" can be made narrower in comparison with 
a case where the common power-feed line is formed for each group of pixels for one row, it is possible to increase 
correspondingly the ratio of the light-emission area in the pixels and to improve display performance, such as luminance, 
contrast ratio, and so on. 

[0088] When two types of pixels in which the light-emission element are driven by a driving current whose polarity 
30 is inverted are among a plurality of pixels to which the driving current is passed in a section between the pixels and 
the same common power-feed line, in one common power-feed line, since driving current flowing from the common 
power-feed line to the light-emission element cancels the driving current flowing in an opposite direction from the light- 
emission element to the common power-feed line, a smaller amount of the driving current which flows through the 
common power-feed line is required. Therefore, since the common power-feed lines "com" can be made correspond- 
35 ingly narrower, it is possible to increase the ratio of the light-emission area in the pixels and to improve display per- 
formance, such as luminance, contrast ratio, and so on. 



Claims 

40 

1. A electroluminescence apparatus comprising: 

a plurality of scanning lines; 
a plurality of data lines; 
45 a plurality of common power-feed lines; 

a plurality of pixels corresponding to intersections of the plurality of scanning lines and the plurality of data lines, 

one pixel of the plurality of pixels comprising: 

50 a first transistor having a first gate electrode connected to one scanning line of the plurality of scanning 

lines; 

a holding capacitor that holds an signal supplied from one data line of the plurality of data lines via 
the first transistor 

a second transistor having a second gate electrode connected to the holding capacitor; and 
55 a light-emission element having an organic semiconductor film which emits a light by a driving current 

that flows between a pixel electrode and counter electrode when the pixel electrode is electrically 
connected to a corresponding common power-feed line of the plurality of common power-feed lines, 
the line width of the corresponding common power-feed line being set to be wider than that of the one 
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data line. 

2. A electroluminescence apparatus comprising: 

5 a plurality of scanning lines; 

a plurality of data lines; 

a plurality of common power-feed lines; 

a plurality of pixels corresponding to intersections of the plurality of scanning lines and the plurality of data lines, 

10 one pixel of the plurality of pixels comprising: 

a first transistor having a first gate electrode connected to one scanning line of the plurality of scanning 
lines; 

a holding capacitor that holds an signal supplied from one data line of the plurality of data lines via 

15 the first transistor 

a second transistor having a second gate electrode connected to the holding capacitor; and 
a light-emission element having an organic semiconductor film which emits a light by a driving current 
that flows between a pixel electrode and counter electrode when the pixel electrode is electrically 
connected to a corresponding common power-feed line of the plurality of common power-feed lines, 

20 the line width of the corresponding common power-feed line being set to be wider than that of the one 

scanning line. 

3. The electroluminescence apparatus according to claim 1 or 2, 

the organic semiconductor film being surrounded by a bank layer. 

25 

4. The electroluminescence apparatus according to claim 1 or 2, 

the one data line passing on a side opposite to the corresponding common power-feed line with respect to 
the one pixel, 

30 5. The electroluminescence apparatus according to claim 1 or 2, 

the corresponding common power-feed line being disposed in such a manner that the corresponding common 
power-feed line is sandwiched between the one pixel and another pixel. 

6. The electroluminescence apparatus according to claim 1 or 2, 

35 at least a part of the bank layer overlapping the corresponding common power-feed line. 

7. The electroluminescence apparatus according to claim 1 or 2, 

at least a part of the bank layer overlapping the one data line. 
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Fig. 1 
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Fig. 2 
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Fig. 4 
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Fig. 7 
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Fig. 9 
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Fig. 10 
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Fig. 12 
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Fig. 13 
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Fig. 18 
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Fig. 21 
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(54) Display apparatus 



(57) The present invention relates to an active-ma- 
trix-type display device, comprising a plurality of scan- 
ning lines, a plurality of data lines, a plurality of common 
power-feed lines and a plurality of pixels corresponding 
to intersections of the plurality of scanning lines and the 
plurality of data lines. 

One pixel of the plurality of pixels comprising a first tran- 
sistor having a first gate electrode connected to one 
scanning line of the plurality of scanning lines, a holding 
capacitor that holds a signal supplied from one data line 
of the plurality of data lines via the first transistor, a sec- 



ond transistor having a second gate electrode connect- 
ed to the holding capacitor and a light-emitting element 
having an organicsemiconductor film which emits a light 
by a driving current that flows between a pixel electrode 
and a counter electrode when the pixel electrode is elec- 
trically connected to a corresponding common power- 
feed line of the plurality of common power-feed lines. 
The line width of the corresponding common power- 
feed line being set to be wider than that of the one data 
line. 



CO 
< 

o 
m 

CD 
LO 

o 
in 



CL 
LU 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 505 650 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 04 07 8129 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



P,A 



PATENT ABSTRACTS OF JAPAN 

vol . 1995, no. 02, 

31 March 1995 (1995-03-31) 

-& JP 06 325869 A (MITSUBISHI KASEI CORP), 

25 November 1994 (1994-11-25) 

* abstract * 

* figures 2,3 * 

PATENT ABSTRACTS OF JAPAN 

vol . 1997, no. 01, 

31 January 1997 (1997-01-31) 

-& JP 08 227276 A (PIONEER ELECTRON CORP), 

3 September 1996 (1996-09-03) 

* abstract * 

* figures 2-8 * 

-& US 5 742 129 A (NAGAYAMA ET AL) 
21 April 1998 (1998-04-21) 

* column 4, line 7 - column 5, line 64 * 

* figures 2-9 * 



1,2,4,5 



H01L27/00 



1-7 



PATENT ABSTRACTS OF JAPAN 

vol . 1998, no. 01, 

30 January 1998 (1998-01-30) 

-& JP 09 230311 A (SEMICONDUCTOR ENERGY 

LAB CO LTD), 5 September 1997 (1997-09-05) 

* abstract * 

* figure 16; example 8 * 

* paragraph [0109] * 

-& US 5 977 562 A (HIRAKATA ET AL) 
2 November 1999 (1999-11-02) 



1-7 



1,2,4,5 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



H01L 

G09G 



EP 0 895 219 A (SEIKO EPSON CORPORATION) 
3 February 1999 (1999-02-03) 
* figure 3 * 



1,2,4,5 



1-7 



The present search report has been drawn up for all claims 



Place of search 



The Hague 



Date of completion of the search 

13 June 2005 



Examiner 

De Laere, A 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



2 



EP 1 505 650 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 04 07 8129 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in noway liable for these particulars which are merely given for the purpose of information. 

13-06-2005 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 






date 




member(s) 




date 




A 
M 


25 


-11-1994 


NANF 








JP 08227276 


A 




-uy-iyyo 


JP 


3401356 


B2 


28-04-2003 










IK 

U J 


9Q 

o/ icy 


A 
M 


91 -AZL-1 QQR 

C 1 U4 1770 


IK ^7d?1?Q 


A 
M 


O 1 
Cl 




IP 
J r 


jtU 1 J J 0 




?A-Ad-?AA3 










IP 
J r 


Oll/l/ U 


A 
M 


A3-AQ-1 QQG 


id aqp^a^i i 

Jr UtljUjH 


A 
M 


05 


Aft i f\r\ 7 

-09-199/ 


IP 
J r 


9AAAAGfifi?i 

£UUUUOOOl. 1 


A 
M 


A3-A3-?AAA 










IP 
J r 


paaapag^^ 


A 
M 


9A-A7-9AAA 
lu"U/ "lUUU 










IK 

U j 


DlOODI / 


R1 

D 1 


"31 -A7-9AA1 

J 1 U/ C.UU 1 










IK 

U J 


J7 / / jOl 


A 
M 


A9-1 1 _ 1 QQQ 
Ul 11 177 7 










IK 
u j 


?AA1 Ad^^fi 


A1 
Ml 


9Q-1 1 -9AA1 

L7 11 £UU 1 


IK ^Q77^fi? 

U J J7/ / JUL 


A 
M 




11 1 finn 
-11-1999 


IP 
J r 


?AAAAfiGfi?i 


A 
M 


A3-A^-9AAA 
UjUjlUUU 










IP 
J r 


7£ JU J 1 1 


A 
M 


AR-AQ- 1 QQ7 
Uj U7 173/ 










IP 
J r 


PAAAPAA^^ 


A 
M 


?A-A7-?AAA 
lO U/ lUUU 










IK 

U J 


696861 7 

OlOODI / 


R1 
D 1 


0,1 -A7-9AA1 

j 1 U / "LUU 1 










IK 

u j 


?aai pizlr^^f; 

c.UUIU'+jjjO 


Al 


9Q-1 1 _9AA1 
C y 11 lUUI 


FP A8Q591Q 
tr U07j£l7 


A 
M 




-0^-1999 


FP 
tr 


A8Q^91 Q 

UQ7 j£ 1 7 


A1 
Ml 


A3-A9- 1 QQQ 
Uj kjl. 177 7 










IP 
J r 


jjlOIOl 


Dl 


1 7-A^-°AA4 

1 / Uj L.UU4 










IK 

U o 


?AA9A?ZLZIQ^ 

lUUlUlM-H-TJ 


A1 

Ml 


98-A9-9AA? 
c.O Ul lUUl 










PN 


1 jUOtcO 


A 
M 


93-Afi-9AAd 
£ J UU lUU4 










PN 


1 jUOtc 7 


A 
M 


?3-Afi-?AAd 

LJ UU lUU4 










PN 


1 RAGQ^A 


A 
M 


93-Afi-9AAd 

lj "UD'lUUI 










PN 


111 1 / OUO 


A 
M 


9fi_AGi-1 QQQ 

lD Uj 1777 










PM 


1 91 78A7 


A 
M 


9Fi_A^- 1 QQQ 
lO Uj 1777 










DE 


69819662 


Dl 


18-12-2003 










DE 


69819662 

\j *j -i_ *j \j \j t— 


12 


09-06-2004 










DE 


69829084 


Dl 


24-03-2005 










EP 


1255240 


Al 


06-11-2002 










EP 


1337131 


A2 


20-08-2003 










EP 


1359789 


Al 


05-11-2003 










EP 


1336953 


A2 


20-08-2003 










EP 


1363265 


A2 


19-11-2003 










EP 


0917127 


Al 


19-05-1999 










WO 


9836406 


Al 


20-08-1998 










WO 


9836407 


Al 


20-08-1998 










JP 


2004111356 


A 


08-04-2004 










JP 


2004054260 


A 


19-02-2004 










JP 


2004054261 


A 


19-02-2004 










JP 


3620538 


B2 


16-02-2005 










JP 


2004004910 


A 


08-01-2004 










JP 


3620539 


B2 


16-02-2005 










JP 


2004062183 


A 


26-02-2004 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



EP 1 505 650 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 04 07 8129 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in noway liable for these particulars which are merely given for the purpose of information. 

13-06-2005 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 0895219 



JP 2004031356 A 29-01-2004 

JP 2004004911 A 08-01-2004 

JP 2004139091 A 13-05-2004 

JP 2004047494 A 12-02-2004 

TW 491985 B 21-06-2002 

TW 578130 B 01-03-2004 

TW 579039 Y 01-03-2004 

TW 249169 Y 01-11-2004 

US 2002097213 Al 25-07-2002 

US 6462722 Bl 08-10-2002 

US 2002196206 Al 26-12-2002 

US 2003098827 Al 29-05-2003 

US 2003231273 Al 18-12-2003 

US 2004150591 Al 05-08-2004 



Sj For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



4 



